Tuylu: Examination of anatomical features of tomato (Lycopersicon esculentum Mill.) varieties cultivated under hydroponic system -3381 -APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 16(3):3381-3391. Abstract. In the study it was aimed to examine and determine some anatomical features of Lycopersicon esculentum Mill. cv. Ceren and Lycopersicon esculentum Mill. cv. Panda varieties cultivated under hydroponic condition in greenhouse in Şanlıurfa, Turkey. Cross sections were cut from the root, stem and leaf by microtome and examined by light microscopy. The results were photographed. Biometric measurements of some tissues were performed. The roots of the plants are surrounded by 1 layered epidermis formed by big and small cells. Vascular bundle gathered in the centre. Stems are formed 1 layered epidermis, 1-2 layered chlorenchyma, 3-4, 4-5 layered collenchyma and 3-4, 4-5 layered parenchymatic tissues. Vascular bundles are bicollateral. Pith is parenchymatic. Stomate, epidermal hair and glandular hair are observed.
Introduction
Greenhouse cultivation has developed related to negative developments such as climate changes and agricultural fields' abuse. In greenhouse soil and soilless agriculture can be applied depending on available irrigation and cultivation technologies. In soilless agriculture aggregate and nonaggregate (hydroponic) cultivation conditions can be used (Alan, 1990) . Soilless agriculture is more productive than soil agriculture and its production cost is half of soil agriculture (Özkan, 2014) .
Plant cultivation in soilless conditions is particularly developed in horticulture. It is mostly used for the cultivation of vegetable and ornamental plants. Yield can differ according to the variety of plants in cultivation using soilless agriculture techniques. For instance, while 1.25-2.5 ton da -1 tomato is cultivated in soil agriculture, 15-75 ton da -1 tomato is cultivated in soilless agriculture. 1.625 ton da -1 cabbage is cultivated in soil agriculture while 2.25 ton da -1 cabbage is cultivated in soilless agriculture (Alan, 2010) .
Plants grow in biotic and abiotic conditions depending on their needs. These conditions may cause stress in plants. As stated in Korkmaz and Durmaz (2017) plants undergo changes in terms of quality of stress factor and genetical and ontogenic features of plants. Thus, plants adapt to factors of their environment by developing stress reactions. Stress reactions of plants exposed to stress effects can be observed when the general features of plants which are original to species are compared.
In this case not only morphological reactions of plants but also their physiological and anatomical reactions and etc. should be considered as a whole. When all these features are considered together, it can be seen if plants complete their developments and adapt to the conditions of their habitat.
Tomato has been conventionally cultivated by using soil culture techniques. In the study, it was aimed to anatomically examine root, stem and leaf of the two varieties of tomato cultivated by using hydroponic system and to histologically specify their adaptations to the condition. Two different varieties of tomato (Lycopersicon esculentum Mill.) were randomly chosen from among varieties which are preferred cultivating in greenhouse by farmers in Turkey and were examined.
Materials and methods
The research was carried out in Şanlıurfa in Southeastern Anatolia. The study area is 465 m above sea level and located between 37°08'N latitude and 38°46'E longitude (Demirok and Tuylu, 2017) . Lycopersicon esculentum Mill. cv. Ceren (offspring F1) and cv. Panda (offspring F1) which are hybrid varieties of tomato were cultivated by using aerated deep water culture in polycarbonate covered greenhouse in Harran University, Şanlıurfa, Turkey in spring in 2016 ( Fig. 1) . Anatomical studies were carried out in the laboratories in Ankara University, Ankara, Turkey. The data of climate belonging to 2016 and 1985-2016 long years (LY) in the province of cultivation (Anonymous, 2016) is given in Table 1 , some climate values measured in the greenhouse in 2016 when the research was carried out are shown in Table 2 . The treatment was created as with 3 replications according to the random parcels plant pattern. Seedlings were transplanted to the hydroponic system at primary stage. 8 plants were cultivated in each basin. 2 of 8 plants cultivated were separated as border effect. Samples were taken at random from the remaining 6 plants and were observed. The basins which were made of galvanized sheet in the size of 50x200x30 cm were used for hydroponics. Nutrient solution was modified by using Arnon and Hoagland (Tuylu et al., 2018) . Stock A and Stock B solutions were separately prepared ( Table 3) . Electrical conductivity (EC) of nutrient solution was measured as 2.5 dS m -1 by EC meter and pH of nutrient solution was set to 5.8-6.5 by using nitric acid. In soilless agriculture EC of nutrient solution has to be kept at optimum level. While high electrical conductivity (EC) reduces the yield affecting number of fruit, diameter of fruit and thickness of pericarp negatively, it causes increase of parameters of quality such as titratable acidity, amount of dry substance which is easily soluble in water, reducing glucose and lycopene (Söylemez ve Pakyürek, 2017) . Air compressors were used to aerate nutrient solution used in hydroponics and nutrient solution was changed once a week. The plants were cultivated as a single stem by pruning. They were applied pesticide against diseases and pests if necessary. The samples of plants vegetatively and generatively grown were kept in alcohol 70% for anatomical studies. The samples of 3 rd harvest root, stem and leaf were anatomically examined from period of production including 5 harvests. Small pieces taken from lower, middle and upper parts of root, stem and leaf were dehydrated by putting them in http In the anatomical study 3 groups in itself for each replication were created. The total number of cross sections taken from the plants and examined is 90 on 9 preparats for each replication and total 270 values of measurement were obtained by taking 3 from each section. The arithmetic mean of the values of measurements and mean standard deviation were calculated by using Excel computer software and the results were commented.
Results

Some anatomical features of root, stem and leaf of cv. Ceren and cv. Panda varieties
Roots
It is observed that the general shape of cv. Ceren's root is curved. It is surrounded by one sequenced epidermis formed by large and small cells. Parenchymatic cells (cortex) between epidermis and vascular bundles have such a very thin wall that the area between epidermis and bundles looks like a large air space. It is observed that xylem vessels are big and clear and phloems are generally smaller and less than xylem vessels ( Fig. 2a, b and c) . cv. Panda's root is surrounded by one layered epidermis formed by large and small cells. Endodermis and pericycle are not clearly observed. Vascular bundle is gathered in the centre (Fig. 3a and b) . Parenchymatic cells (cortex) are observed between the epidermis and the vascular bundles (Fig. 3c) Biometric measurements were performed in xylem vessels in roots of two varieties. For these measurements, it was statistically determined that cv. Ceren's xylem vessels are slightly bigger than cv. Panda's xylem vessels ( Table 4 ). 
Stems
Stomate, epidermal hair and glandular hair are observed in stem of cv. Ceren which is surrounded by one layered epidermis ( Fig. 4a, b , g, h and i). There are 1-2 layered chlorenchyma, 4-5 layered collenchyma and 4-5 layered parenchymatic tissue ( Fig. 4a  and b) . Bicollateral vascular bundles surround the stem like a ring ( Fig. 4c and d) . 1-2 layered sclerenchyma around pholem facing in the direction of epidermis and 1-2, sometimes 3 sclerenchyma cells around phloem facing in the direction of pith are observed (Fig. 4a, c and e) . Pith is parenchymatic. Crystal-sands are observed in parenchymatic cells (Fig. 4f) .
One layered epidermis, stomate, epidermal hair and glandular hair are observed in stem of cv. Panda (Fig. 5b, g, h and i) . There are 1-2 layered chlorenchyma, 3-4 layered collenchyma and 3-4 layered parenchymatic cortex (Fig. 5a) . Vascular bundles surround the stem like a ring and they are bicollateral ( Fig. 5a and c) . 1-2 layered sclerenchyma around phloem facing in the direction of epidermis and 1-2 sclerenchyma cells around phloem facing in the direction of pith are observed (Fig. 5a, d and f) . Pith is parenchymatic (Fig. 5e) . Crystal-sands are rarely observed in parenchymatic cells.
Biometric measurements were performed in some tissues in stems of two varieties. For these measurements, there is no clear difference between thickness of cuticle and diameter of xylem vessels of two varieties statistically. It was determined that the APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 16 (3) Leaves cv. Ceren' s leaf is bifacial (Fig. 6a) . Mesophyll is formed by one layered palisade parenchyma with spaces between the cells and 2-3 layered spongy parenchyma with spaces between the cells (Fig. 6b) . Big vascular bundle is bicollateral (Fig. 6c) . Collateral small vascular bundles are embedded into mesophyll and surrounded by bundle sheath (Fig. 6d and e) . It is amphistomatic. They have glandular and epidermal hairs ( Fig. 6f and g) . Crystal-sands are observed (Figure 6e) .
cv. Panda's leaf is bifacial. Mesophyll is formed by one layered generally shortcelled palisade parenchyma with spaces between the cells and 2-3 layered spongy parenchyma with spaces between the cells (Fig. 7a) . Big vascular bundle is bicollateral (Fig. 7d) . Collateral small vascular bundles are embedded into mesophyll and surrounded by bundle sheath (Fig. 7b) . It is amphistomatic (Fig. 7a) . They have glandular and epidermal hairs ( Fig. 7e and f) . Crystal-sands are observed (Fig. 7c) . Biometric measurements were performed in some tissues in leaves of two varieties. These measurements showed no clear difference between mean thickness of cuticle, lower epidermis and diameter of xylem vessel of two varieties statistically.
Upper epidermis is thicker in cv. Ceren than in cv. Panda. It is determined that cv. Ceren's mesophyll is wider, and its big vascular bundle is longer than those in cv. Panda. Width of big vascular bundle in cv. Ceren is smaller than the one in cv. Panda ( Table 6 ). 
Discussion
The root of cv. Ceren is formed by very thin-walled parenchymatic cells between epidermis and vascular bundles and these cells could not be clearly observed. Parenchymatic cells in cv. Panda are more thick-walled than in cv. Ceren. Endodermis and pericycle could not be observed in cv. Panda either. According to Sam et al. (2000) structure and functions of all plant organs are affected by water stress. The diameters of root xylem vessels are different from each other in cv. Ceren and cv. Panda. In Tuylu et al., (2018) , Malatya Kurucaova variety of tomato was examined and stated that cortex is thicker in the root cultivated in hydroponic culture and the diameters of root xylem vessels are narrower than those in the root cultivated in perlit. Regarding the two studies it is clear that cortex and xylem vessels in the root were affected by water stress.
The anatomical features in the stems and leaves examined are similar to the general anatomical features of Solanaceae family and Lycopersicon esculentum Mill. mentioned in Metcalfe and Chalk (1950) and Rost (1996) . The fact that both plants have some features such as palisade parenchyma cells with spaces is the result of adaptation which they developed under water stress conditions. According to the results of mean biometric measurements in stems and leaves of cv. Ceren and cv. Panda, they adapted to the condition with histologically different sizes. The mean thickness of epidermis and mean thickness of cortex and collenchyma in stem of cv. Ceren are more than the ones in cv. Panda. Significant differences between thickness of cuticle and diameter of xylem vessel of the two varieties were not observed. In Tuylu et al. (2018) it was determined that cuticle and epidermis are thicker and cortex and xylem vessel are narrower as a
